[1] Magnetic holes in the solar wind with little or no directional change across the magnetic depression are related to mirror mode structures. Recently, Zhang et al. (2008) determined the characteristic size and shape of such mirror mode structures in the solar wind at 0.72 AU. They found that the mirror mode structure in the solar wind is quite elongated along the field direction. In this report, we examine the size and shape of isolated magnetic holes and train of holes, separately. We find that the isolated holes are slightly smaller in width and more elongated than the multiple holes. This observation suggests a particular evolutionary history of mirror mode structures in the solar wind in which multiple holes coalesce with time into isolated structures more elongated parallel to the magnetic field.
Introduction
[2] Mirror mode structures are often observed in the solar wind as magnetic holes with little or no change in the magnetic field direction across the hole [e.g., Winterhalter et al., 1994] . The magnetic holes are either isolated magnetic field depressions during a short duration of seconds or tens of seconds or closely spaced intervals of depressed field magnitude. Recently, Russell et al. [2008] suggested that the mirror mode waves in the solar wind might serve as messengers from the solar coronal heating region. Thus, studying the mirror model structure and understanding its heliocentric radial evolution might help us to decode some the physical processes that occur near the solar surface.
[3] Many studies have investigated mirror mode structures in the solar wind over a range of heliocentric distances [e.g., Winterhalter et al., 1994; Sperveslage et al., 2000; Stevens and Kasper, 2007] . However, previous studies have not recognized that the mirror mode is an evolutionary structure and so have not attempted to characterize this evolution. Furthermore, they have not examined the twodimensional nature of these structures, their length, and their width. Recently, Zhang et al. [2008] determined the two dimensional size and shape of mirror mode structures at 0.72 AU using Venus Express magnetic field measurements. Two parameters, width and elongation, were introduced to give a full description of the mirror mode structures in the solar wind. In such a description, the mirror mode structure in the solar wind is found to be elongated along the field direction.
[4] Previous observations reveal that mirror mode structures in the solar wind occur either as isolated magnetic holes or as a closely spaced trains of holes [Winterhalter et al., 1994; Zhang et al., 2008] . In this study, we separately examine the sizes and shapes of the isolated and multiple magnetic holes in the solar wind at 0.72 AU.
Observations
[5] We investigate the structure of mirror modes in the solar wind for both isolated and multiple magnetic holes using the same data set as used in our earlier study . To the benefit of the readers, we shall briefly repeat our event selection procedure. In this study we examine 1 Hz magnetic field measurement by the Venus Express magnetometer [Zhang et al., 2006 [Zhang et al., , 2007 from May 2006 to December 2006. In total, 216 days of data are available for this study. To identify mirror mode structures, the magnetic field data are continuously scanned taking one data point at a time with a ±150 s interval on either side of that point. If this point is the minimum for this 300 s interval, then we assign it as Bmin and calculate the average B and standard deviation d for this interval. The directional change angle w is calculated from the starting and ending vectors of the magnetic hole defined by the nearest vectors at each edge of the hole with a magnitude larger than B À d. In this study, we use criteria Bmin/B < 0.75 and w < 15°to define the linear magnetic holes.
[6] To separate the events into ''isolated hole'' and ''train of holes,'' we define a train of holes to be present if there is at least a second comparable magnetic hole in the 300 s analysis interval. Then we further expand the initial 300 s window and search all magnetic holes with spacing less than 150 s and all these holes are counted as the same train of magnetic holes. The longest train of holes has 18 holes and lasts 18 min. Finally, all automatically selected events are subjected to visual inspection. We select only unambiguous events with relatively steady ambient field background and we require all field components to approach zero at the field magnitude minimum. Examples of the magnetic hole events are shown in Figure 1 . While the choice of the time intervals of 300 s and 150 s for defining isolated and trains of holes is rather arbitrary, based on previous study introduced by Winterhalter et al. [1994] , it is shown in Figure 1 that the selected events are well separated into two groups.
[7] Out of 216 days of data used in this study, we obtain 436 isolated holes and 355 trains of holes. This gives occurrence rates of 2.3 per day for isolated magnetic holes event and 1.9 per day for train of holes event taking into account the typical 3 h data gap per day when the s/c is inside the Venus magnetosheath. In the following statistics the properties of the train of magnetic holes will be represented only by the largest hole in the group, all the rest of the holes in the same train will not be counted in the statistics.
[8] In Figure 2 we present our statistical results showing the size and shape of the mirror mode structure at 0.72 AU. Figure 2a shows the distribution of the magnetic hole duration as a function of Bx/B for both isolated and multiple holes. Here B is the average field magnitude for the event interval and Bx is the X component (along Venus-Sun direction) of the magnetic Figure 1 . Examples of the magnetic holes, i.e., the mirror mode structures in the solar wind characterized by the depressed magnetic field magnitude: (a) the isolated holes and (b) the train of holes.
field at the beginning of the hole. Small crosses are the individual events and diamonds are the median duration for each the 0.1 Bx/B bins. To estimate the asymptotic durations along the field (Bx/B = 1) and across the field (Bx/B = 0), we determine the best fit curve to the median durations. The depicted curve is an ellipse fit to the medians. It is evident that the mirror mode structure is highly elongated. Figure 2b and Figure 2c show the durations as a function of Bx/B for isolated holes and trains separately. It is apparent that the magnetic holes in the train are slightly less elongated than the isolated magnetic hole.
[9] For each individual event, the mirror mode structure length along the solar wind flow can be obtained by assuming a typical solar wind velocity of 400 km/s. In order to take into consideration the magnetic field effect on the size of the mirror mode structure, we normalize the length along the solar wind flow for each individual event by the solar wind proton gyro radius, Rp. Here we calculate the proton gyro radius using measured IMF strength near the magnetic hole and assuming a typical solar wind temperature of 100000 K at solar minimum. Figure 2d shows the distribution of the normalized mirror mode structure lengths as a function of Bx/B for both isolated holes and trains of holes. The asymptotic length of the mirror mode structure along the field line is 107 Rp and the width perpendicular to the field line is W B = 42 Rp. Thus, the elongation ratio of the major axis and minor axis of this ellipsoid is e = 2.55.
[10] Figure 2e and Figure 2f show the normalized size of the isolated and train of holes, respectively. The isolated mirror mode structure has a W B of 32 Rp and e of 3.63, while the mirror mode waves found in train structure has a typical W B of 49 Rp and e of 1.96. Thus the ellipsoids of multiple holes have a 53% larger width than the isolated holes while the isolated holes are slightly more stretched along the magnetic field direction, 21% longer measured by the major axis. In addition, the spatial volume of the multiple holes is 1.94 times that of isolated hole.
[11] Using the mirror mode shapes obtained above, we normalized all events to their normalized widths. In Figure 3 , we show the duration and normalized width of the magnetic holes as function of the magnetic holes depth. Apparently the size of the magnetic holes, for both 
Concluding Remarks
[12] Winterhalter et al. [1994] examined the isolated and multiple magnetic holes extensively using both magnetic field and plasma data. They found that the plasma in regions with train of holes have higher beta and temperature anisotropy values than regions with isolated holes. Thus, they suggested that the single holes may be older remnants of wave trains whose other members have decayed away. In this study, we find that the multiple magnetic holes are nearly twice as large as isolated magnetic hole. In addition, isolated holes are more elongated, 21% longer measured by major axis, than the multiple holes.
[13] Treumann et al. [2004] pointed out that the mirror modes at their nonlinear final stationary stage tend to become long stretched magnetic field-depleted tubes. If plasma b ? and temperature anisotropy
are such that the threshold of mirror instability
= 0 is exceeded only slightly, the most unstable mode corresponds to the wave vector k max that is almost perpendicular to the magnetic field. However, the increase b ? and temperature anisotropy lead to the greater excess of the instability threshold, and to k max turning away from the perpendicular direction. It can be shown that the ratio of perpendicular and parallel components of k max is inversely proportional to the square root of the threshold:
. Therefore for spatial scales
. An increase in the excess of the threshold leads to an increase of perpendicular special scale of the wave in comparison with the parallel one. Strictly speaking the linear regime consideration might not be directly applicable to nonlinear magnetic holes studied in the present work. However, in the nonlinear case the perpendicular spatial scale of nonlinear mirror structure also decreases with the increase in b ? according to Istomin et al. [2009] , in which the exact solution of the drift-kinetic equation has been deduced. As a result, it is reasonable to assume that the observation of multiple magnetic holes is an indication of more favorable conditions for instability, i.e., greater excess of the threshold, higher b ? . In such a case L ? L II should be larger. Thus our results suggest that the plasma in regions with train of holes should have higher beta and
values than regions with isolated holes in consistent with observations of Winterhalter et al. [1994] . This observation suggests a particular evolutionary history of mirror mode structures in the solar wind in which multiple holes coalesce with time into isolated structures more elongated parallel to the magnetic field.
